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SUMMARY 


As  part  of  its  armaments  testing  program,  the  Army  has  been  firing 
depleted-uranium  (DU)  projectiles  into  targets  on  the  Aberdeen  Proving  Ground, 
Maryland.  The  purpose  of  the  study  reported  on  here  was  to  conduct  an  environ¬ 
mental  survey  of  two  areas  known  as  the  R-3  range  and  the  Ford's  Farm  range  to 
determine  the  location  of  DU  in  their  environments.  The  survey,  conducted  by 
the  Pacific  Northwest  Laboratory,  included  ground  survey  measurements  and  some 
environmental  sampling.  Several  special  studies  were  also  conducted,  including 
analyses  of  the  isotopic  composition  of  uranium  in  a  limited  number  of  samples 
and  a  dissolution  rate  study  to  estimate  the  solubility  of  DU  dust  in  sea  and 
river  water. 

Analysis  of  the  ground  survey  measurements  showed  count  rates  of  radioac¬ 
tivity  at  about  twice  background  levels  within  about  a  100-m  radius  of  the 
Ford's  Farm  target  and  D1J  fragments  in  scattered  locations  as  far  as  190  m  from 
the  target.  The  count  rates  from  the  ground  survey  of  the  R-3  range  and  areas 
surrounding  the  Ford's  Farm  range  were  at  about  background  levels. 

The  average  uranium  concentrations  in  soil  samples  were  1.3  pg/g  of  soil 
from  the  R-3  range  and  3.6  yg/g  of  soil  from  Ford's  Farm.  .  From  analyses  of 
these  results,  it  was  concluded  that: 

•  samples  collected  from  each  area  represent  statistically  different 
average  uranium  concentrations 

•  the  degree  of  sampling  variability  is  about  the  same  for  each  area 

•  the  uranium  content  of  the  R-3  range's  soil  is  similar  to  that  of  a 
reference  area  (an  area  on  the  Proving  Ground  chosen  to  represent  an 
unaffected  area)  and  the  uranium  content  of  the  Ford's  Farm  soil  is 
higher  than  that  of  the  reference  area 

•  uranium  concentrations  in  soil  samples  collected  from  areas  around 
Ford's  Farm  are  lower  than  those  in  reference  area  samples. 

A  limited  number  of  soil  profile  analyses  indicated  that  uranium  concentrations 
generally  decrease  with  depth. 


The  uranium  concentrations  found  in  stream  sediment,  water,  and  vegetation 
samples  collected  from  the  B-3  range  and  the  Ford's  Farm  range  were  variable, 
with  the  highest  concentrations  found  in  samples  collected  near  the  Ford's  Farm 
target.  Uranium  concentrations  in  the  reference  area  samples  were  similar  to 
the  lower  values  for  sediment,  water,  and  vegetation  samples  collected  from  the 
B-3  range  and  the  Ford's  Farm  range. 

It  was  concluded  from  the  results  of  the  special  studies  that: 

•  the  isotopic  compositions  of  environmental  samples  from  the  reference 
area.  Ford's  Farm,  and  some  surrounding  areas  approximate  the 
calculated  isotopic  composition  of  DIJ 

•  DIJ  dust  is  relatively  insoluble  in  sea  water  and  river  water. 

An  evaluation  of  the  results  of  this  environmental  survey  indicates  that 
several  additional  studies  are  needed  to  detail  the  extent  of  DU  movement  from 
the  target  areas.  Suggested  studies  include: 

•  determination  of  the  background  level  of  uranium  for  the  region 

•  further  characterization  of  the  soil  in  the  area  around  the  Ford's 
Farm  target 

•  air  sampling  at  several  locations  at  and  near  Ford's  Farm 

•  characterization  of  stream  sediments  and  shellfish  at  the  estuaries 
of  appropriate  creeks  draining  the  Proving  Ground. 

A  routine  envi ronmental -survei 1  lance  program  should  include  the  following 
types  of  sampling:  stream  sediment,  shellfish,  stream  water,  leaf  litter,  and 
deer. 
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ENVIRONMENTAL  SURVEY 
OF  THE  B-3  AND  FORD'S  FARM  RANGES 


INTRODUCTION 


Over  the  past  5  years,  the  Army's  weapons  testing  program  has  included  the 
firing  of  depleted-uranium  (DU)  projectiles  into  targets  at  two  locations  on 
the  Aberdeen  Proving  Ground,  Maryland.  At  the  first  location,  the  Ford's  Farm 
range,  approximately  1600  kg  of  DU  in  the  form  of  projectiles  have  been  fired 
into  various  types  of  armor  (metal)  targets.  When  the  projectiles  hit  the  tar¬ 
gets,  a  particulate  DU  cloud  is  released  along  with  fragments  of  the  projec¬ 
tile.  At  the  second  location,  the  B-3  range,  approximately  1100  kg  of  Dll  have 
been  f i red  into  soft  targets.  The  projectiles  pass  through  these  targets 
intact  and  usually  burrow  into  the  ground  beyond  the  targets;  however,  fragmen¬ 
tation  into  visible  pieces  is  possible  if  projectiles  hit  trees  or  rocks  either 
above  or  below  ground. 

The  Army  is  concerned  about  the  fate  of  the  DU  in  the  environment  of  both 
areas,  and  is  particularly  interested  in  whether  any  DU  has  moved  into  the 
Chesapeake  Bay  near  the  Aberdeen  Proving  Ground. 

PURPOSE  OF  THE  STUDY 

ihe  purpose  of  the  study  reported  on  here  was  to  determine  the  location  of 
Dll  around  the  two  target  areas.  Pacific  Northwest  Laboratory (d )  (PNL)  per¬ 
sonnel  made  two  trips  to  the  Aberdeen  Proving  Ground  to  conduct  an  environmen¬ 
tal  survey.  The  first  trip,  during  the  week  of  March  2 6,  1978,  will  be 
referred  to  as  the  early-spring  trip;  the  second,  during  the  week  of  Septem¬ 
ber  11,  1978,  will  be  referred  to  as  the  late-summer  trip. 

The  study  is  considered  a  limited  environmental  survey  because  the  areas 
surveyed  were  predetermined,  based  on  information  supplied  by  Aberdeen  person¬ 
nel.  This  information  included  1)  an  estimate  of  where  most  projectiles  were 


(a)  Operated  for  the  Department  of  Energy  by  Battelle  Memorial  Institute. 
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landing  at  the  B-3  range  and  2)  an  aerial -survey  plot  of  the  Ford's  Farm  range 
and  the  surrounding  areas  indicating  the  approximate  locations  of  elevated 
radiation  levels. 

SCOPE  OF  THE  STUDY 

The  study  was  limited  to  a  ground  survey  and  the  collection  of  environmen¬ 
tal  samples  from  the  vicinity  of  the  Ford's  Farm  and  B-3  firing  ranges.  The 
ground  survey  was  made  using  portable  radiation  detection  instruments  capable 
of  detecting  low-level  beta-gamma  radiation  from  DU.  Environmental  sampling 
involved  the  collection  of  soil,  stream  sediment,  water,  and  vegetation 
samples,  and  analyses  of  these  samples  for  total  uranium. 

No  effort  was  made  during  this  study  to  estimate  the  natural  background 
levels  of  uranium  in  an  unaffected  area  outside  the  Aberdeen  Proving  Ground. 
However,  a  few  samples  were  collected  from  a  reference  location  on  the  Proving 
Ground  that  was  thought  to  be  unaffected,  for  comparison  with  the  samples  from 
the  range  areas.  In  addition,  the  uranium  concentrations  in  the  samples  col¬ 
lected  on  the  Proving  Ground  were  compared  with  typical  envi ronmental  levels  of 
uranium  as  reported  in  the  literature. 

Samples  of  commercial  seafood  (crab  meat)  from  the  Chesapeake  Bay  were 
purchased  and  analyzed  for  their  uranium  content  as  some  indication  of  uranium 
levels  in  the  bay.  These  levels  can  be  used  as  a  reference  point  against  which 
to  compare  concentrations  in  similar  seafood  samples  if  a  continuing  environ¬ 
mental  surveillance  program  is  begun. 

Several  special  studies  were  conducted  as  part  of  the  survey.  The  iso¬ 
topic  composition  of  uranium  was  determined  for  a  limited  number  of  soil  and 
vegetation  samples  from  the  B-3  range  and  Ford's  Farm.  The  activity  levels  in 
these  samples  were  compared  with  activity  levels  calculated  for  natural  and 
depleted  uranium  as  a  means  of  estimating  the  extent  of  DU  spread  from  the  test 
firings.  A  dissolution  rate  study  was  also  done  to  estimate  the  relative 
solubility  of  DU  dust  in  sea  water  and  river  water. 
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Details  on  the  sites  surveyed,  the  methods  used,  and  the  results  of  the 
study  follow.  The  final  section  of  this  report  includes  a  discussion  of  pos¬ 
sible  studies  to  further  determine  the  fate  of  DU  in  the  Aberdeen  Proving 
Ground  environment.  A  routine  environmental-survey  program  is  also  outlined. 
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SITE  DESCRIPTION^3* 


The  Aberdeen  Proving  Ground  is  located  approximately  48  km  northeast  of 
Baltimore,  Maryland,  with  the  Chesapeake  Bay  as  an  eastern  border  (see  Fig¬ 
ure  1).  The  installation  consists  of  approximately  32,100  ha,  of  which 
15,800  ha  are  covered  by  water  and  16,300  ha  are  land.  The  Rush  River  sepa¬ 
rates  the  installation  into  two  main  areas:  the  Aberdeen  Area  to  the  east  and 
the  Edgewood  Area  to  the  west. 

Most  of  the  installation's  terrain  is  gently  rolling,  with  much  of  it  left 
as  unimproved  land  and  forrested  areas.  Elevations  range  from  sea  level  to 
approximately  30  m  above  sea  level. 

The  Aberdeen  Proving  Ground  is  located  in  the  middle  latitudes  where  the 
general  atmospheric  flow  is  from  west  to  east.  The  predominant  wind  direction 
over  a  year  is  from  the  northwest,  with  an  average  wind  speed  of  approximately 
16  km/hr.  The  area  has  a  humid,  continental  type  of  climate.  Temperatures  are 
generally  mild,  with  a  mean  low  of  -4°C  in  January  and  a  mean  high  of  30°C  in 
July.  Precipitation  throughout  the  year  is  fairly  uniform,  with  an  annual  mean 
of  around  104  cm.  Snowfall  is  confined  to  the  winter  months  and  averages 
approximately  56  cm/yr.  The  relative  humidity  reaches  its  highest  monthly 
average,  70*-,  in  September  and  its  lowest,  57%,  in  March. 

The  environmental  survey  was  conducted  at  the  B-3  range  and  the  Ford's 
Farm  range.  Roth  areas  are  east  of  the  Bush  River  in  the  Aberdeen  Area  of  the 
Proving  Ground,  with  the  R-3  range  about  6  km  northeast  of  Ford's  Farm.  The 
approximate  location  of  each  area  is  shown  in  Figure  1. 

B-3  RANGE 

The  R-3  range  encompasses  a  large  land  area  extending  approximately  8000  m 
downrange  from  the  firing  position.  On  the  range,  projectiles  are  fired  for 
accuracy  at  soft  targets  positioned  1000,  2000,  3000,  and  4000  m  downrange. 

(a)  General  information  about  the  Aberdeen  Proving  Ground  and  its  climate  was 
provided  by  the  H.S.  Army  Environmental  Hygiene  Agency,  Aberdeen  Proving 
Ground,  Maryland. 
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•ABERDEEN 


Depleted-uranium  projectiles  are  fired  at  targets  4000  m  downrange  on  the 
4000-meter  pad  (see  Figure  2).  These  projectiles  pass  through  the  targets 
intact  and  usually  burrow  into  the  ground  at  locations  beyond  the  target;  how¬ 
ever,  fragmentation  into  visible  pieces  is  possible  if  projectiles  hit  trees  or 
rocks  either  above  or  below  ground.  The  intact  projectiles  or  fragments  come 
to  rest  on  the  surface  or  buried  underground. 

The  locations  surveyed  on  the  B-3  range  were  the  main  grid^3)  (Area  1), 
the  beaver  dam  (Area  2),  and  the  reference  area  (Area  3),  shown  in  Figure  2. 


(a)  Both  at  the  B-3  range  and  at  Ford's  Farm,  an  area  around  the  target  was 
gridded  off  for  survey  and  sampling  purposes,  as  described  on  page  11. 
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The  main  grid  was  surveyed  because  Aberdeen  personnel  estimated  that  most  of 
the  DU  projectiles  land  in  this  region.  This  area  is  drained  by  several  tribu¬ 
taries  of  Mosquito  Creek  that  join  the  creek  just  to  the  east  of  the  area  and 
flow  to  the  Chesapeake  Bay.  The  beaver  dam  area,  located  on  Mosquito  Creek 
about  305  m  east  of  the  main  grid,  was  surveyed  because  the  dam  would  be  a 
prime  location  for  deposition  of  any  suspended  DU  transported  downstream  in 
Mosquito  Creek  waters.  The  third  area  surveyed,  the  reference  area,  is 
approximately  1  km  east  of  the  main  grid  where  a  footbridge  crosses  Mosquito 
Creek.  This  area  was  chosen  to  represent  an  unaffected  area  and  provide 
reference  samples  for  comparison  with  the  samples  from  Areas  1  and  2  and  the 
Ford's  Farm  range. 

F PRO'S  FARM  RANGE 

At  Ford's  Farm,  DU  projectiles  are  fired  200  m  into  metal  target  plates. 
The  relative  positions  of  the  gun  and  target  at  Ford's  Farm  are  shown  in  Fig¬ 
ure  3.  When  the  DU  projectiles  hit  the  plates,  the  projectiles  fragment  and  a 
DU  particulate  cloud  is  released.  The  cloud  drifts  from  the  target  and  settles 
on  the  ground  and  on  nearby  vegetation,  with  the  location  of  the  deposition 
depending  on  wind  and  weather  conditions.  Standard  operating  procedures 
require  that  firing  take  place  only  when  meteorological  conditions  will  pre¬ 
vent.  the  particulate  cloud  from  drifting  back  to  the  gun  position  where 
personnel  are  stationed. 

Several  tributaries  of  Bridge  Creek  drain  the  target  area,  as  shown  in 
Figure  3.  The  two  tributaries  immediately  south  of  the  target  were  extremely 
swampy  during  the  early-spring  trip;  however,  they  were  dry,  with  isolated 
pockets  of  standing  water  during  the  late-summer  trip.  Rridge  Creek's  tribu¬ 
taries  meet  approximately  at  the  A-A5  Road.  The  road  serves  as  a  dam  to  the 
creek,  allowing  creek  water  to  spill  over  the  road  surface.  Bridge  Creek  then 
flows  southwest  into  Romney  Creek,  which  in  turn  flows  east  into  the  Chesapeake 
Pay. 
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Seven  areas  were  surveyed  in  the  vicinity  of  the  Ford's  Farm  range,  as 
shown  in  Figure  3  and  described  below: 

•  Area  1  (the  main  grid)  includes  the  target  area.  This  area  was 
surveyed  during  the  early-spring  trip  in  an  attempt  to  locate  several 
isopleths  shown  on  the  aerial  survey  plot.(a)  It  was  also  surveyed 
during  the  late-summer  trip  because  the  early-spring  survey  showed 
that  the  highest  uranium  levels  were  located  in  this  area. 

•  Area  2  (the  1000-meter  pad)  is  about  700  m  southwest  of  the  target. 
This  area  was  surveyed  during  the  early-spring  trip  in  an  attempt  to 
locate  an  isopleth  from  the  aerial -survey  plot. 

•  Area  3  (the  plate  storage  area)  is  located  about  500  m  west  of  the 
target.  This  area  was  surveyed  during  the  early-spring  trip  because 
of  the  potential  for  contaminated  plates  and  to  search  for  the 
location  of  an  isopleth  from  the  aeri al -survey  plot. 

•  Area  4  (the  Bridge  Creek  -  A-A5  Road  crossing)  is  approximately  600  m 
downstream  from  the  target.  This  area  was  surveyed  during  the  late- 
summer  trip.  It  was  thought  to  be  a  prime  location  for  the  deposi¬ 
tion  of  any  suspended  nil  in  the  creek's  water  because  the  road  dams 
the  creek  at  this  point,  allowing  any  suspended  particles  to  settle 
out.  Throughout  this  report,  this  area  will  he  referred  to  as  the 
Bridge  Creek  area. 

•  Area  5  (the  grenade  range)  is  located  about  500  m  north  of  the 
target.  This  area  surveyed  during  both  the  early-spring  and  late- 
summer  trips  as  an  indicator  of  the  environment  upwind  from  the 
target . 

•  Area  6  (the  Romney  Creek  -  Poverty  Island  Road  crossing)  is  approxi¬ 
mately  1.6  km  west  of  the  target.  This  area  was  surveyed  during  the 
late-summer  trip  because  it  is  near  the  Poverty  Island  area,  the 


(a)  See  Appendix  A  for  more  information  on  the  aerial  survey  and  the  location 
of  the  isopleths. 
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inhabited  area  closest  to  the  target.  Throughout  this  report,  this 
area  will  be  referred  to  as  the  Romney  Creek  area. 

•  Area  7  (the  small -arms  area)  is  about  700  m  east  of  the  target.  This 
area  was  surveyed  during  the  early-spring  trip  in  an  attempt  to 
locate  an  isopleth  from  the  aerial -survey  plot. 
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SAMPLING  AND  ANALYTICAL  METHODS 


This  section  describes  the  grid  systems  used  in  the  study,  the  radiation 
detection  instruments  used  for  the  ground  survey,  the  methods  of  collecting 
environmental  samples,  and  the  techniques  used  to  analyze  the  samples. 

GRID  SYSTEM 

Two  areas  were  staked  off  for  the  study:  the  area  around  the  4000-meter 
pad  on  the  B-3  range  and  the  area  around  the  Ford's  Farm  target.  The  grid 
systems  were  used  to  locate  specific  areas  for  ground  survey  readings  and  for 
some  environmental  sampling.  Professional  surveyors  provided  by  the  Army 
staked  the  area  during  the  early-spring  trip.  The  stakes  were  left  in  place 
and  used  again  during  the  late-summer  trip. 

The  grid  area  for  the  B-3  range  is  referred  to  as  Area  1  or  the  main  grid 
in  Figure  2.  The  centerline  of  the  grid  (Line  N)  extends  460  m  north  and  460  m 
south  of  the  4000-meter  paa  and  is  on  the  line  of  fire  for  all  projectiles 
fired  at  targets  on  the  pad.  Parallel  lines  were  staked  off  38  m  to  each  side 
of  the  centerline,  making  the  dimensions  of  the  grid  °?0  x  76  m.  Surveyors 
placed  wooden  stakes  every  30  r,i  on  the  grid,  for  a  total  of  75  stakes  or  grid 
points  in  the  R-3  range  main  grid. 

The  grid  area  for  Ford's  Farm  is  also  referred  to  as  Area  1  or  the  main 

grid  for  that  area,  as  shown  in  Figure  3.  This  grid  was  positioned  to  encom¬ 
pass  the  large  isopleth  area  around  the  target  in  the  aerial -survey  plot  (see 

Appendix  A).  The  centerline  of  the  grid  is  parallel  to  the  line  of  fire  and  is 

460  m  long.  The  grid  was  staked  off  153  m  to  each  side  of  the  centerline, 
making  the  grid  dimensions  460  x  305  m.  Wooden  stakes  were  placed  every  38  m 
on  the  grid,  for  a  total  of  117  stakes  or  grid  points  in  the  Ford's  Farm  main 
grid. 

All  grid  points  were  labelled  using  a  letter-number  system.  Lines  running 
north-south  were  assigned  letters  and  those  running  east-west  were  given 
numbers. 
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GROUND  SURVEY 


Ground  surveys  were  conducted  using  portable  survey  meters  with  NE  102 
plastic  scintillation  detectors  capable  of  measuring  the  low-level  beta-gamma 
radiation  of  DU.  Laboratory  calibration  of  the  three  detectors  used  on  the 
trips  showed  all  to  read  approximately  25,000  counts/min  at  5  cm  above  a  1-g  DU 
source.  This  calibration  was  checked  periodically  in  the  field  using  the  same 
1-g  DU  source. 

Ground  survey  readings  were  taken  at  all  grid  points  on  the  B-3  range  and 
Ford's  Farm  main  grids  during  both  survey  trips.  At  each  grid  point,  an  area 
of  approximately  1  m^  was  surveyed  and  an  average  count  rate  was  recorded.  The 
maximum  count  rate  for  each  l-m^  area  was  also  recorded  to  provide  information 
on  the  location  of  any  DU  fragments  in  the  main  grids. 

ENVIRONMENTAL  SAMPLING 

In  the  following  sections,  the  methods  used  in  collecting  the  environmen¬ 
tal  samples  for  this  study  are  presented.  Samples  collected  in  the  main-grid 
areas  of  the  B-3  range  and  Ford's  Farm  were  taken  at  or  near  the  grid  points. 

Soil  Samples 

Soil  samples  were  collected  using  a  specially  designed  sampler  with  a 
0.9-m  stainless-steel  coring  tube  5.1  cm  in  diameter  and  0.17  cm  in  wall 
thickness.  The  coring  tube  was  pushed  into  the  ground  to  a  depth  of  7.6  cm. 

To  minimize  cross-contamination,  a  plastic  bag  was  placed  over  the  end  of  the 
tube  inserted  into  the  ground.  The  top  of  the  plastic  bag  was  wrapped  around 
the  outside  of  the  tube.  When  the  tube  was  pushed  into  the  ground,  the  soil 
sample,  encased  in  the  plastic  bag,  was  forced  into  the  tube.  After  the  tube 
was  removed,  the  sample  was  pulled  out,  enclosed  in  the  plastic  bag,  and  placed 
in  a  wide-mouth  jar. 


(a)  Thorn  EMI  Gencom  Inc.  (Nuclear  Enterprises),  80  Express  St.,  Plainview, 
NY  11803. 
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Stream  Sediment  Samples 

Stream  sediment  sampling  was  performed  in  a  manner  similar  to  soil 
sampling.  Samples  were  collected  near  the  shoreline  unless  the  stream  was 
narrow  enough  to  permit  sampling  at  its  midpoint. 

Soil  and  Stream  Sediment  Profiles 

Soil  and  stream  sediment  profiles  were  taken  to  check  for  evidence  of 
vertical  movement  of  uranium  in  the  soil  and  to  determine  whether  uranium  was 
being  buried  in  stream  sediments.  Profiles  were  taken  to  depths  of  7.6,  15.?, 
and  30.5  cm. 

The  7.6 -cm  profiles  were  collected  in  the  same  manner  as  the  soil  and 
stream  sediment  samples;  however,  unlike  the  samples,  the  profiles  were  later 
divided  into  increments  of  0  to  2.5  cm,  2.5  to  5.1  cm,  and  5.1  to  7.6  cm  for 
analysis. 

The  16.2-cm  and  30.5-cm  profiles  were  taken  with  the  same  coring  tube  used 
tn  collect  the  soil  and  stream  sediment  samples.  The  coring  tube  was  pushed 
into  the  ground  to  the  appropriate  depth,  then  pulled  out  with  the  profile 
inside.  The  profile  was  removed  from  the  coring  tube  and  cut  into  increments 
of  0  to  7.6  cm  and  7.6  to  15.2  cm  for  the  15.2-cm  profiles  and  0  to  7.6  cm,  7.6 
to  15.2  cm,  15.?  to  22.9  cm,  and  22.9  to  30.5  cm  for  the  30.5-cm  profiles. 

Each  increment  was  packaged  individually  before  transport  to  an  analytical 
laboratory. 

Uater  Samples 

All  water  samples  were  taken  by  the  grab-sampling  method.  During  the 
early-spring  trip,  water  samples  were  collected  in  350-ml  wide-mouth  jars. 
During  the  late-summer  trip,  the  sample  size  was  increased  to  1  L  so  that  there 
would  he  sufficient  volume  to  perform  the  DU  solubility  test.  These  samples 
wi->re  collected  in  1-L  polyethylene  bottles. 

Samples  were  collected  in  the  middle  of  a  stream  unless  the  stream's  width 
prevented  midstream  collection.  In  this  case,  samples  were  taken  near  the 
shoreline. 
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Vegetation  Samples 

The  vegetation  sampled  consisted  of  native  grasses  and  leaf  litter.  Each 
sample  was  collected  from  an  area  of  about  1  m^  and  had  a  wet  weight  of  about 
400  g.  Native  grasses  were  clipped  at  ground  level,  with  all  species  collected 
in  the  1-m^  area  included  in  the  sample.  All  samples  were  placed  in  poly¬ 
ethylene  bags. 

Commercial  Samples 

Crab  meat  was  purchased  from  a  commercial  vendor  in  Havre  de  Grace, 
Maryland,  about  8  km  northeast  of  Aberdeen.  The  crab  had  been  caught  locally 
in  the  upper  Chesapeake  Bay. 

ANALYTICAL  METHODS 

Sample  analysis  was  performed  by  the  United  States  Testing  Company,  Inc. 
(tlST),  Richland,  Washington.  All  environmental  samples  collected  during  the 
two  survey  trips  were  analyzed  for  total  uranium  using  a  fluorometric 
technique.  In  addition,  several  soil  and  vegetation  samples  were  analyzed  for 
isotopic  composition  { 234U ,  235U,  and  238U). 

Fluorometric  Analysis 

Soil,  stream  sediment,  and  vegetation  samples  were  prepared  for  analysis 
by  grinding  until  the  material  passed  through  a  2-mm  screen.  They  were  then 
oven-dried  at  approximately  115°C  for  1?  hours,  and  an  aliquot  of  ground  sample 
(approximately  2  q  dry  weight)  was  leached  in  nitric  acid.  The  crab  meat 
samples  were  ground  but  not  oven-dried,  and  a  5-g  (wet  weight)  aliquot  was 
leached  in  nitric  acid.  Water  samples  were  prepared  by  evaporating  200  ml  to 
near  dryness  and  then  diluting  to  10  ml  with  2  N  nitric  acid. 

All  samples  were  then  analyzed  for  total  uranium  using  a  fluorometric 
technique.  The  results  for  soil,  stream  sediment,  vegetation,  and  crab  meat 
samples  were  expressed  in  micrograms  (pg)  of  uranium  per  gram  of  sample.  Water 
sample  results  were  expressed  in  pg  of  uranium  per  liter  of  water.  All  sample 
concentrations  reported  have  an  estimated  analytical  error  of  ±35%  unless  noted 
otherwise. 
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Isotopic  Analysis 


The  isotopic  uranium  analysis  procedure  used  by  UST  involved  repeatedly 
dissolving  and  wet -ashing  approximately  5  g  of  dry  soil  or  vegetation  sample 
with  concentrated  nitric  acid  and  hydrogen  peroxide.  The  samples  were  then 
heated  in  a  muffle  furnace  at  260°C  for  1  to  1-1/2  hours.  Uranium  was  then 
extracted  into  methyl -isobutyl  ketone  (hexone)  in  three  stages.  Next,  the 
hexone  extractant  was  evaporated  over  water  and  taken  to  dryness  under  a  heat 
lamp.  Finally,  the  dried  sample  was  dissolved  in  a  sulfate  buffer  and  elec- 
trodeposited  on  a  stainless  steel  disc,  and  isotopes  of  uranium  (23/*U,  238u, 
and  238U)  were  determined  by  pulse  height  analysis  of  an  alpha  diode  detector 
spectrum.  All  results  were  expressed  in  pg  of  uranium  per  gram  of  sample. 
Multiple  analyses  of  spiked  soil  and  vegetation  samples  were  run  in  parallel 
with  the  test  samples,  with  the  average  yield  of  the  spike  used  to  correct  for 
losses  of  uranium  from  the  test  samples  during  analysis. 


STUDY  RESULTS  AND  DISCUSSION 


The  results  of  the  ground  survey  and  environmental -sample  analyses  are 
presented  in  this  section  along  with  the  results  of  the  special  studies  per¬ 
formed.  A  discussion  of  the  results  follows. 

GROUND  SURVEY 

The  results  of  the  ground  survey  at  the  B-3  range  main  grid  were  primarily 
background  count  rates  of  50  to  100  counts/min  for  both  survey  trips.  During 
the  early-spri ng  trip,  one  DU  fragment  was  found  about  200  m  south  of  the 
4000-meter  pad  near  grid  point  N-17.  The  count  rate  above  the  fragment  was 
over  100,000  counts/min.  On  removal  of  the  fragment,  the  count  rate  dropped  to 
50  counts/min  or  background  level. 

At  the  Ford's  Farm  main  grid,  the  background  count  rates  were  also  50  to 
100  counts/min  during  both  the  early-spring  and  the  late-summer  surveys.  The 
average  readings  for  a  1-m  area  around  each  grid  point  and  the  maximum  read¬ 
ings  on  the  grid  are  shown  in  Figures  4  and  5,  respectively.  On  both  trips, 
most  elevated  readings  (>150  counts/min)  for  average  count  rate  were  within  a 
100-m  radius  of  the  target  (see  Figure  4).  The  maximum  count  rate  readings 
were  found  as  far  as  190  m  from  the  target  (see  Figure  5)  and  were  attributed 
to  the  presence  of  DU  fragments. 

Review  of  the  data  from  the  Ford's  Farm  main  grid  indicated  that  the 
average  count  rates  were  generally  higher  and  the  distribution  of  DU  fragments 
was  wider  during  the  early-spring  survey  than  during  the  late-summer  survey. 
These  differences  are  probably  due  to  changing  survey  conditions  and  not  to  the 
gross  movement  of  DU  in  the  soil.  During  the  early-spring  trip,  vegetation  was 
matted  down  from  winter  snows,  which  permitted  the  detector  to  be  held  rela¬ 
tively  close  to  the  ground.  By  the  time  the  late-summer  survey  was  taken,  the 
vegetation  had  grown  abundantly  and  the  detector  had  to  be  held  farther  from 
the  ground.  Because  the  radiation  intensity  registered  by  a  detector  varies 
inversely  as  the  square  of  the  distance  from  the  radiation  source,  the  lower 
late-summer  readings  may  have  resulted  in  part  from  the  greater  ground-to- 
detector  distance.  Another  factor  that  may  have  contributed  to  the  lower 
readings  is  that  the  detector  used  senses  low-energy  gammas  from  the  surfaces 
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of  DU  fragments;  therefore,  any  increase  in  vegetation  would  have  shielded  the 
radiation,  yielding  lower  readings. 


Ground  survey  readings  from  the  small -arms  area,  plate  storage  area,  and 
1000-meter  pad  in  the  Ford's  Farm  range  yielded  only  background  count  rates  of 
50  to  100  counts/min.  These  areas  were  surveyed  only  during  the  early-spring 
trip. 

ENVIRONMENTAL  SAMPLING 

A  complete  listing  of  the  analytical  results  from  environmental  sampling 
can  be  found  in  Appendix  B,  Tables  B.l  through  B.4,  along  with  sample  loca¬ 
tions.  Specific  portions  of  the  data  are  discussed  in  the  following  sections. 
The  uranium  concentrations  found  in  some  samples  appeared  high  relative  to 
other  uranium  concentrations  in  the  same  area.  In  these  cases,  the  analyses 
were  rerun  to  determine  whether  the  initial  results  were  valid. 

Soil  Samples  and  Profiles  (Appendix  B,  Table  B.l) 

The  uranium  concentrations  found  in  soil  samples,  as  reported  in  this 
section,  may  be  compared  with  a  typical  worldwide  concentration  that  ranges 
from  1  to  4  ug/g  and  averages  2  ug/g  (National  Council  on  Radiation  Protection 
and  Measurements  1976). 

R-3  Range 

Nineteen  soil  samples  from  the  B-3  range  were  collected  and  analyzed. 
Seventeen  were  from  the  main  grid  (Area  1)  and  two  from  the  reference  area 
(Area  3).  Figure  6  is  a  log-normal  probability  plot^a^  of  the  soil  data. 


(a)  Log-normal  probability  plots  are  useful  for  cataloguing  large  amounts  of 
data  and  providing  a  first,  approximation  of  the  similarity  of  the  data. 
Experience  has  shown  that  large  numbers  of  nuclide/media  combinations  yield 
a  straight  line  when  plotted  on  log-probability  paper.  Because  the  data 
are  represented  graphically,  the  mean,  standard  deviation,  and  expected 
upper  limits  can  readily  be  seen  along  with  any  abnormalities  in  the  data. 

Characteristics  of  special  importance  in  the  use  of  log-normal  plots  are 
linearity  (denoting  data  from  a  common  population),  standard  geometric 
deviation  (o  ,  an  indicator  of  variability  or  range),  and  geometric  mean 
(xq,  the  best  estimate  of  the  underlying  population  mean).  The  solid-line 
curves  are  computer-generated  least-squares  regression  lines  (Miller,  Fix 
and  Bramson  1977). 


RS  •  REPRESENTS  CONCENTRATION  FROM  REFERENCE  AREA 

FIGURE  6.  Log-Normal  Probability  Plots  of  Soil  Sample  Data, 
R-3  Range  and  Ford's  Farm  Main  Grids 


The  plot  of  most  of  the  data  points  for  the  soil  from  the  B-3  range 
approximates  a  straight  line,  indicating  that  these  data  represent  samples  from 
the  same  population.  One  outlying  point  represents  sample  N-17,  collected 
about  200  m  south  of  the  4000-meter  pad  in  the  area  from  which  a  DU  fragment 
was  removed.  The  uranium  concentration  in  the  sample  was  14  ug/g. 

The  geometric  mean,  Xg*  taken  from  the  B-3  range  plot  is  1.3  ug/g.  This 
number  represents  the  population  mean;  therefore,  the  average  uranium  concen¬ 
tration  in  the  soil  of  the  sampled  area  is  about  1.3  ug/g. 

The  standard  geometric  deviation,  <jg,  is  2.6.  This  value  indicates  the 
range  or  closeness  of  individual  data  points,  and  would  equal  1  if  all  data 
points  had  the  same  value. 
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Plotted  points  representing  the  uranium  concentrations  in  the  two  samples 
from  the  reference  area  (1.4  and  2.5  yg/g)  fall  on  or  close  to  the  regression 
line,  indicating  that  all  of  the  data  points  probably  represent  the  same 
population. 

Ford's  Farm  Range 

Sixty  soil  samples  and  seven  soil  profiles  from  the  Ford's  Farm  range  were 
collected  and  analyzed.  The  location  of  50  soil  samples  taken  from  the  main 
grid  and  the  uranium  concentration  at  each  location  are  shown  in  Figure  7. 

A  log-normal  probability  plot  of  the  50  samples  from  the  main  grid  is 
shown  in  Figure  6.  The  reasonably  good  fit  of  individual  data  points  to  the 
regression  line  again  indicates  a  discrete  population  ( Xg  =  3.6  yg/g  and 
Og  =  2.8).  The  underlying  population  mean  is  3.6  yg/g. 

Uranium  concentrations  in  soil  samples  collected  at  several  other  loca¬ 
tions  in  the  Ford's  Farm  range  (the  1000-meter  pad,  grenade  range,  and  Romney 
Creek  area)  were  lower  than  the  concentrations  in  the  reference  area  samples. 

Six  samples  from  the  grenade  range  were  collected  in  an  area  of  approximately 
2 

1  m  .  Analysis  of  these  samples  showed  a  mean  uranium  concentration  and 
standard  deviation  of  0.29  ±  0.12  yg/g. 

Soil  Profiles 

Soil  profile  data  for  the  Ford’s  Farm  range  are  listed  in  Table  1.  (No 
profiles  were  taken  on  the  8-3  range.)  Analysis  of  the  30.5-cm  and  7.6-cm 
profile  data  indicates  that  uranium  concentrations  in  soil  generally  decrease 
with  depth. 

Stream  Sediment  Samples  and  Profiles  (Appendix  B,  Table  B.2) 

Uranium  concentrations  in  stream  sediments  from  the  B-3  range  (main  grid 
and  heaver  dam)  varied  from  0.22  to  50  yg/g  and  were  generally  lower  than  the 
concentrations  in  the  reference  samples  (2.0  yg/g),  as  shown  in  Table  B.2.  Two 
exceptions  were  samples  with  concentrations  of  50  yg/g  (collected  about  190  m 
south  of  the  4000-meter  pad)  and  8.2  ug/g  (collected  about  270  m  south  of  the 
4000-meter  pad).  Rerun  analyses  of  different  aliquots  of  these  samples 
resulted  in  levels  of  14  yg/g  and  2.8  yg/g,  respectively. 
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(a)  APPROXIMATE  GRID  LOCATION 
<  I  EARLY-SPRINGTRIP 
*  IATE-SUMMERTRIP 

FIGURE  7.  Uranium  Concentrations  in  Soil  Samples,  Ford's  Farm 
Main  Grid  (ug/g) 


The  approximate  locations  of  the  15  stream  sediment  samples  collected  in 
the  Ford's  Farm  main  grid  and  the  uranium  concentration  at  each  location  are 
shown  in  Figure  8.  The  concentrations,  also  listed  in  Table  B.2,  varied  from 
0.76  to  67  yg/g. 
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F I GUp F  8.  Uranium  Concentrations  in  Stream  Sediment  Samples,  Ford's 
Farm  Main  Grid  (yg/g).  (The  sample  containing  0.76  yg/g 
was  located  270  m  west  of  the  grid  on  line  26.1 


The  stream  sediment  data  from  the  B-3  range  and  Ford's  Farm  main  grids 
were  assessed  using  a  log-normal  probability  plot.  The  samples  apparently  do 
not  represent  a  discrete  population,  as  indicated  by  the  wide  range  of  values. 
It  can  be  concluded  from  a  comparison  of  the  values  in  Table  B.2  that  the 
uranium  concentrations  in  the  Ford's  Farm  main  grid  are  generally  higher  than 
those  in  the  B-3  range  main  grid. 

Several  stream  sediment  samples  were  collected  at  the  1000-meter  pad, 
plate  storage  area.  Bridge  Creek  area,  and  grenade  range  in  the  area  of  the 
Ford's  Farm  range.  The  uranium  concentrations  found  in  these  areas  were 
generally  lower  than  the  2.0-ug/g  concentration  of  the  reference  area  samples, 
except  for  one  64-ug/g  sample  from  the  Bridge  Creek  area.  When  this  sample  was 
analyzed  again,  the  result  was  a  concentration  of  4.9  ug/g. 

Stream  sediment  profile  data  are  presented  in  Table  2.  Similar  uranium 
concentrations  were  found  in  all  increments  analyzed. 

Water  Samples  (Appendix  B,  Table  B.3) 

The  uranium  concentrations  in  water  samples  from  the  B-3  range  are  listed 
in  Table  R.3.  The  concentrations  varied  from  less  than  0.03  ug/L  to  43  ug/L, 
with  the  highest  concentrations  found  in  samples  from  the  main-grid  area.  The 
concentration  range  in  samples  collected  during  the  early-spring  trip  (0.10  to 
43  ug/L)  was  greater  than  the  concentration  range  for  the  late-summer  trip 
(<0.03  to  0.80  ug/L). 

The  uranium  concentrations  in  water  samples  from  the  Ford's  Farm  range 
varied  from  0.13  to  59  ug/L  (see  Table  B.3),  with  the  highest  concentrations 
found  in  samples  from  the  main  grid  near  the  target.  As  at  the  B-3  range,  the 
range  of  concentrations  in  samples  from  the  early-spring  trip  (3.8  to  59  ug/L) 
was  greater  than  the  range  in  samples  from  the  late-summer  trip  (0.13  to 
16  ug/L). 

The  water  sample  data  for  the  B-3  range  and  Ford's  Farm  were  assessed 
using  a  log-normal  probability  plot.  The  results  were  inconclusive  because  the 
water  samples,  like  the  stream  sediment  samples,  apparently  do  not  represent  a 
discrete  population.  The  uranium  concentrations  of  the  reference  area  samples 
are  at  the  lower  end  of  both  the  B-3  and  Ford's  Farm  concentration  ranges. 
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Water  samples  from  Ford's  Farm  have  generally  higher  uranium  concentrations 
than  water  samples  from  the  B-3  range,  as  shown  by  a  comparison  of  the  data  for 
the  two  locations  (see  Table  B.3). 

Vegetation  Samples  (Appendix  B,  Table  B.4) 

Uranium  concentrations  in  vegetation  samples  from  the  B-3  range  and  Ford's 
Farm  are  listed  in  Table  B.4.  An  assessment  of  the  data  using  a  log-normal 
probability  plot  did  not  provide  conclusive  results  because  the  samples  contain 
a  wide  range  of  uranium  concentrations  and  apparently  do  not  represent  a  dis¬ 
crete  population.  For  comparative  purposes,  typical  worldwide  concentrations 
of  natural  uranium  in  plants  range  from  10"^  to  10"*  ug/g  (National  Council  on 
Radiation  Protection  and  Measurements  1976). 

Limited  vegetation  sampling  was  done  on  the  B-3  range.  The  concentration 
of  uranium  in  grass  samples  ranged  from  0.25  to  8.5  ug/g,  with  the  concentra¬ 
tions  for  the  three  reference  area  samples  falling  at  the  lower  end  of  the 
range. 

Six  aliquots  of  one  reference  sample  were  analyzed,  and  the  uranium  con¬ 
centrations  were  found  to  range  from  0.55  to  2.2  ug/g.  The  mean  and  standard 
deviation  were  1.6  ±  0.71  ug/g.  This  standard  deviation  indicates  the  degree 
of  variability  in  concentration  expected  from  analytical  errors. 

The  location  of  the  28  vegetation  samples  collected  in  the  Ford's  Farm 
main  grid  and  the  uranium  concentration  at  each  location  are  shown  in  Fig¬ 
ure  9.  The  range  of  concentrations  for  grass  samples  was  1.5  to  1200  ug/g, 
with  the  highest  concentrations  within  a  76-m  radius  of  the  target.  Six 
aliquots  of  one  sample  were  analyzed.  The  uranium  concentrations  found  ranged 
from  390  to  1200  ug/g  (see  Table  B.4),  with  a  mean  and  standard  deviation  of 
720  t  270  ug/g. 

Several  of  the  reference  area  samples  had  uranium  concentrations  lower 
than  the  lower-range  limit  for  the  Ford's  Farm  main  grid,  indicating  that  grass 
in  the  two  areas  contains  different  uranium  concentrations.  Uranium  concentra¬ 
tions  in  grass  samples  from  the  Ford's  Farm  main  grid  are  generally  higher  than 
those  from  the  B-3  range. 
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*  URANIUM  CONCENTRATION  IN  LEAF  LITTER 

F1GURF  9.  Uranium  Concentrations  in  Vegetation  Samples,  Ford's  Farm 
Main  Grid  (ug/g).  (Note:  Three  samples  were  located  76  m 
east  of  the  grid  on  line  13.) 

Uranium  concentrations  in  leaf  litter  samples  from  the  Ford's  Farm  main 
grid  were  variable,  ranging  from  7.5  to  240  wg/g.  No  leaf  litter  samples  were 
collected  from  the  reference  area  for  comparison . 

Other  samples  collected  from  the  Ford's  Farm  range  (at  the  1000-meter  pad, 
Bridge  Creek  area,  grenade  range,  and  Romney  Creek  area)  contained  uranium 
concentrations  ranging  from  0.63  to  8.0  pq/g  in  grass  and  from  0.03  to  13  i*  ->/g 
in  leaf  litter. 
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SPECIAL-STUDIES  RESULTS 


Isotopic-Composition  Analysis 

Three  soil  samples  and  nine  vegetation  samples  from  the  B-3  range  and 
Ford's  Farm  were  analyzed  for  uranium  isotopic  composition.  Laboratory- 
reported  analytical  results  of  the  224U,  285U,  and  238U  concentrations  in  the 
soil  and  vegetation  samples  are  listed  in  Table  B.l  and  Table  B.4,  respec¬ 
tively.  These  results,  given  in  yg/g,  were  converted  to  yCi  of  uranium  per  g 
of  sample  and  are  listed  in  Table  3  along  with  sample  locations. 

The  activity  ratio  of  224U  to  288U  was  calculated  to  be  approximately  1.1 
for  natural  uranium  and  approximately  0.1  for  depleted  uranium.  These  ratios 
were  computed  using  the  isotopic  weight  percents  listed  in  Table  4  and  the 
specific  activities  of  28^U  and  228U.  Below  are  the  calculations,  assuming  1  g 
of  natural  or  depleted  uranium: 

234  234  -3  -3 

a  U  (specific  activity  U)  5.7  *  10  o  (6.19  x  10  Ci/q) 

Na*jral  uranium  rflti c  =  -  =  - -  1.1 

a  (specific  activity  U)  0.992739  q  (3.33  x  10  Ci/o) 


234  234  -6  -3 

<1  U  (specific  activity  U)  5.0  x  10  a  (6.19  x  10  Ci/a) 
nerlpfeC  ixamyr  ratio  =  - - - — - —  =  - ; - ~ - -  0.1 

o  2i8(J  (specific  activity  2i8U)  0.9975  Q  (3.53  x  10  Ci/a) 


In  a  study  of  activity  ratios  for  soil  and  vegetation  samples 

from  areas  where  only  natural  uranium  would  be  expected  to  occur,  Veselsky 
(P77)  found  ratios  ranging  from  0.878  to  1.062  for  soil  and  from  0.863  to 
1.251  for  vegetation. 

When,  toe  activity  ratios  in  Table  3  were  compared  with  the  calculated 
activity  ratios  for  natural  and  depleted  uranium,  it  was  determined  that  the 
ratios  for  all  samples  from  the  Ford's  Farm  main  grid,  grenade  range,  and 
Bridoe  Creek  area  and  from  the  reference  area  indicate  the  presence  of  DU.  A 
grass  sample  from  the  B-3  range  main  grid  had  a  ratio  more  indicative  of 
natural  uranium. 
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TABLE  4.  Isotopic  Weight  Percents  of  Natural  and  Depleted  Uranium 


Isotope  Natural  Uranium^  Depleted  Uranium^) 

jr^U  99.2739  99.75 

U  0.7204  0.25 

2341J  0.0057  0.0005 


(a)  Reference:  Bennellick  1966. 

(b)  Reference:  U.S.  Energy  Research  and  Development 
Administration  1975. 

Conflicting  results  were  obtained  for  the  Romney  Creek  area:  the  activity 
ratio  for  the  area's  soil  sample  was  0.94,  indicating  that  natural  uranium  was 
present,  while  that  for  the  leaf  litter  sample  was  0.15,  indicating  the  pres¬ 
ence  of  DU. 

Dissolution  Rate  Study 

The  objective  of  the  dissolution  rate  study  was  to  estimate  the  percent  of 
Dll  dust  that  would  dissolve  in  sea  water  and  in  river  water  over  a  14-day 
period,  given  controlled  water  temperature  and  a  known  pH.  From  the  study 
results,  if  was  concluded  that  DU  is  nuite  insoluble  in  both  sea  and  river 
water;  the  approximate  dissolution  half-times  were  4.3  and  6.8  years,  respec¬ 
tively.  A  discission  of  the  experimental  methods  and  limitations  of  the  study 
can  be  found  in  Appendix  C. 

Analysis  of  Dissolved  and  Suspended  Uranium 

Two  water  samples  were  analyzed  for  dissolved  uranium  (particles  smaller 
than  n.45  put)  and  suspended  uranium  (particles  larger  than  0.45  urn).  However, 
the  results  were  inconclusive  hecause  of  the  limited  number  of  samples  analyzed. 
The  results  from  the  two  samples  analyzed  can  be  found  in  Appendix  C. 

Commercial -Samplp  Analysis 

The  seafood  (crab  meat)  purchased  from  a  commercial  vendor  in  Havre  de 
Grace,  Maryland  (about  8  km  north-  ast  of  Aberdeen)  had  been  caught  locally  in 
the  Chesapeake  bay.  Because  crabs  remain  fairly  stationary,  they  should  be  a 
good  indicator  of  uranium  levels  in  the  bay's  water-borne  sediments.  Five 
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samples  were  analy7ed  and  found  to  contain  the  following  levels  of  uranium: 

0.47  pg/g,  0.45  pg/g,  0.36  pg/g,  0.20  pg/g,  and  0.21  pg/g.  The  mean  and 
standard  deviation  are  0.34  +  0.13  ug/g. 

RESULTS  SUMMARY  AND  DISCUSSION 

Based  on  the  ground  survey  results,  the  B-3  range  main  grid  and  the  plate 
storage  area,  1000-meter  pad,  and  small-arms  area  near  Ford's  Farm  were  deter¬ 
mined  to  have  only  background  count  rates  of  uranium  (50  to  100  counts/min). 

The  Ford's  Farm  main  grid  had  some  elevated  average  count  rates  (>150  counts/ 
min)  within  about  a  100-m  radius  of  the  target.  Fragments  of  0U  were  found  in 
scattered  locations  as  far  as  190  m  from  the  target.  The  generally  higher 
average  count  rates  and  wider  distribution  of  DU  fragments  found  during  the 
early-spring  survey  of  the  Ford's  Farm  main  grid  are  probably  due  to  changing 
survey  conditions  rather  than  to  the  movement  of  DU  between  the  early-spring 
and  late-summer  surveys. 

Based  on  a  log-normal  probability  plot  of  data  from  soil  samples  taken  at 
the  B-3  range  and  Ford's  Farm  main  grids,  the  average  uranium  concentrations 
for  the  B-3  range  and  Ford's  Farm  were  determined  to  be  1.3  pg/g  and  3.6  pg/g, 
respectively.  It  was  concluded  from  the  data  that  1)  samples  collected  from 
these  two  study  areas  represent  different  populations  with  different  average 
uranium  concentrations  in  the  soil;  2)  the  degree  of  sampling  variability  is 
about  the  same  for  each  area;  and  3)  the  uranium  content  of  the  soil  in  the  B-3 
range  main  grid  is  similar  to  that  in  the  reference  area,  whereas  the  soil 
content  in  the  Ford's  Farm  main  grid  is  higher  than  that  in  the  reference  area. 
The  higher  average  uranium  concentration  in  the  soil  of  the  Ford's  Farm  main 
grid  may  be  due  to  scattered  DU  fragments  from  the  test  firings. 

The  uranium  concentrations  found  in  soil  samples  from  the  lOOD-meter  pad, 
grenade  range,  and  Romney  Creek  area  near  Ford's  Farm  were  lower  than  the  con¬ 
centrations  in  the  reference  area  samples,  suggesting  minimal  if  any  impact 
from  test  firings  at  Ford's  Farm. 

Based  on  the  soil  profile  data,  it  was  concluded  that  uranium  concentra¬ 
tions  generally  decrease  with  depth.  All  increments  below  a  depth  of  7.6  cm 
contained  lower  uranium  concentrations  than  did  the  reference  area  samples. 
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The  highest  concentrations  in  the  top  7.6  cm  of  soil  were  found  in  the  Ford's 
Farm  main  grid  near  the  target  and  may  have  been  due  to  buried  of  DU  fragments. 
These  limited  results  indicate  no  appreciable  movement  of  DU  into  the  soil; 
however,  further  study  is  in  order. 

The  uranium  concentrations  in  stream  sediments  from  the  B-3  range  and 
Ford's  Farm  main  grids  varied  from  0.22  to  50  pg/g  and  from  0.76  to  67  pg/g, 
respectively.  The  highest  concentrations  were  found  near  the  target  in  the 
Ford's  Farm  main  grid  and  again  are  probably  attributable  to  the  presence  of  DU 
fragments. 

Several  stream  sediment  samples  were  collected  downstream  from  the 
4000-meter  pad  (B-3  range)  and  the  Ford's  Farm  target.  Uranium  concentrations 
in  samples  from  the  beaver  dam  area  ( about  305  m  downstream  from  the  4000-meter 
pad)  were  about  the  same  as  or  lower  than  the  2.0-pg/g  concentrations  found  in 
the  reference  area,  which  indicates  that  DU  has  not  moved  downstream.  One 
sample  collected  in  the  Bridge  Creek  area,  about  600  m  downstream  from  the 
Ford's  Farm  target,  had  a  concentration  of  64  pg/g.  Another  aliquot  from  this 
sample  was  analyzed  and  was  found  to  have  a  concentration  of  4.9  pg/g,  which 
indicates  that  DU  particles  were  heterogeneously  dispersed  in  the  sample.  The 
possible  movement  of  DU  particles  in  the  watercourse  should  be  studied  further. 

The  uranium  concentrations  found  in  water  samples  collected  from  the  B-3 
range  and  Ford's  Farm  area  varied  from  less  than  0.03  to  43  pg/L  and  from  0.13 
to  59  pg/L,  respectively.  Reference  area  concentrations  were  generally  lower 
than  these  values  and  ranged  from  0,12  to  0.20  pg/L.  As  was  the  case  with  the 
soil  and  stream  sediment  samples,  the  highest  uranium  concentrati ons  in  water 
samples  were  found  in  the  Ford's  Farm  main  grid  near  the  target.  At  both  the 
Ford’s  Farm  range  and  the  B-3  range,  the  highest  concentrations  were  found 
during  the  early-spring  trip  and  may  be  due  to  the  high  sediment  load  in  the 
spring  run-off. 

These  uranium  concentrations  in  water  samples  are  several  orders  of  mag¬ 
nitude  lower  than  the  concentrations  listed  in  the  U.S.  Code  of  Federal 
Regulations ;  10  CFR  20  states  that  natural -urani urn  concentrations  in  liquid 
effluents  released  from  a  restricted  area  to  an  unrestricted  area  shall  not 
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exceed  3  x  10"^  pCi/ml.  If  3.6  x  10"7  Ci/g  is  used  for  the  specific  activity 
of  DU,  the  federally  set  concentration  limit  would  equal  about  83,000  ug/L. 

Grass  samples  collected  from  the  B-3  range  and  Ford's  Farm  main  grids 
contained  uranium  concentrations  ranging  from  0.25  to  8.5  yg/g  and  from  1.5  to 
390  ug/g,  respecti vely.  Uranium  concentrations  in  reference  area  samples 
ranged  from  0.25  to  2.2  ug/g.  Again,  the  highest  concentrations  were  found  in 
the  Ford's  Farm  main  grid  near  the  target  and  are  probably  due  to  DU  fragments 
in  the  area. 

Rased  on  a  limited  number  of  isotopic  analyses,  most  areas  sampled  were 
found  to  have  activity  ratios  close  to  the  calculated  0.1  value  for  DU.  These 
areas  were  the  Ford's  Farm  main  grid,  grenade  range,  and  Bridge  Creek  area,  and 
the  reference  area.  Therefore,  although  the  uranium  concentrations  at  the 
Ford's  Farm  main  grid  and  the  reference  area  appear  to  be  different,  it  can  be 
concluded  from  the  isotopic  analyses  that  both  areas  are  slightly  contaminated 
with  DU. 

The  activity  ratios  of  two  samples  (a  grass  sample  from  the  B-3  range  main 
grid  and  a  soil  sample  from  the  Romney  Creek  area)  were  similar  to  the  activity 
ratio  of  natural  uranium.  However,  a  leaf  litter  sample  from  the  Romney  Creek 
area  had  an  activity  ratio  similar  to  that  of  DU.  The  leaf  litter  may  have 
blown  in  from  the  Ford's  Farm  range. 

It  was  concluded  from  the  dissolution  rate  study  of  DU  dust  in  sea  water 
and  river  water  that  DU  is  relatively  insoluble  in  both,  with  a  dissolution 
half-time  of  4.8  years  in  sea  water  and  6.8  years  in  river  water. 
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SUGGESTED  STUDIES  AND  ENVIRONMENTAL-SURVEILLANCE  PROGRAM 


It  was  concluded,  based  on  the  results  of  the  environmental  survey  of  the 
8-3  range  and  the  Ford's  Farm  range,  that  several  additional  studies  are  neces 
sary  to  determine  in  detail  the  extent  of  OU  movement  from  the  two  areas.  In 
this  section,  possible  studies  are  discussed  briefly,  along  with  suggestions 
for  a  routine  envi ronmental -survei 1  lance  program  for  the  firing  ranges. 

SUGGESTED  STUDIES 

•  Determination  of  Regional  Uranium  Background  Level  -  Sampling  of 
background  areas  representative  of  the  region  is  necessary  for  deter¬ 
mining  the  uranium  concentrations  in  environmental  samples  for  com¬ 
parison  with  the  uranium  concentrations  in  samples  collected  on  the 
Proving  Ground.  The  areas  sampled  should  be  located  off  the  Proving 
Ground  in  several  directions.  The  type  of  samples  collected  should 
include  soil,  stream  sediments,  water,  and  vegetation;  samples  of 
deer  and  shellfish  would  also  be  useful.  All  samples  should  be 
analyzed  for  total  uranium.  Isotopic  analyses  should  be  done  on  a 
portion  of  the  samples  as  a  means  of  determini  ig  the  variation  in 
isotopic  composition  among  sampling  areas  and  individual  sample 
types. 

•  Soil  Characterization  -  This  study  would  involve  extensive  soil 
sampling  around  the  Ford's  Farm  target  area  (in  the  main  grid)  to  aid 
in  estimating  the  inventory  of  DU  in  the  area  and  the  degree  of 
spread  from  the  immediate  target  area. 

•  Air  Sampling  -  Continuous  air  sampling  for  a  year  or  more  at  the 
Poverty  Island  area  and  the  personnel  area  on  Ford's  Farm  just  north 
of  the  gun  position  is  suggested.  The  sampler  results  from  the  per¬ 
sonnel  area  would  be  used  to  determine  the  airborne  uranium  concen¬ 
trations  to  which  workers  may  be  exposed  from  test  firings.  The  sam¬ 
pler  results  from  the  Poverty  Island  area  would  be  used  to  determine 
the  uranium  concentrations  in  the  air  at  the  continuously  inhabited 
area  nearest  the  Ford's  Farm  target. 
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•  Stream  Sediment  Characterization  -  Extensive  stream  sediment  sampling 
at  the  mouths  of  Bridge,  Romney,  and  Mosquito  Creeks  is  suggested  as 
a  means  of  determining  whether  DU  deposits  exist  at  these  locations 
and  whether  any  deposits  may  be  moving  offsite.  The  samples  should 
be  analyzed  for  total  uranium;  if  concentrations  significantly  higher 
than  the  background  level  are  found,  the  isotopic  composition  should 
be  analyzed. 

•  Shellfish  Characterization  -  Extensive  shellfish  sampling  near  the 
mouths  of  Romney  and  Mosquito  Creeks  is  suggested.  Because  shellfish 
(clams  and  oysters)  are  filter-feeders  and  relatively  stationary, 
they  are  expected  to  be  good  indicators  of  uranium  levels  in  the 
Chesapeake  Bay's  suspended  sediments.  They  also  represent  the  major 
food  pathway  leading  to  man.  Sampling  locations  should  be  determined 
from  site-specific  information  because  water  currents,  salinity,  and 
temperature  gradients  can  affect  the  distribution  of  shellfish  and 
the  movement  of  surface  water  from  the  Proving  Ground  into  the  bay. 

SURVEILLANCE  PROGRAM 

The  major  objectives  of  a  routine  envi ronmental -survei 1 1 ance  program  for 
the  Aberdeen  Proving  Ground  would  be  to  evaluate  long-term  trends  of  uranium 
concentrations  in  the  environment,  to  detect  rapid  changes  in  those  concentra¬ 
tions,  and  to  define  and  monitor  pathways  leading  to  potentially  significant 
human  exposures.  All  samples  should  be  chemically  analyzed  for  total  uranium, 
and  samples  with  concentrations  significantly  higher  than  the  background  level 
should  also  be  analyzed  for  isotopic  composition. 

Sampling  of  the  following  substances  might  be  included  in  a  surveillance 
program: 

•  Stream  Sediments  -  Stream  sediment  samples  should  be  collected  at 
least  annually  at  the  mouths  of  Bridge,  Romney,  and  Mosquito  Creeks, 
with  the  results  compared  with  background  concentrations  and  the 
concentrations  from  the  stream  sediment  characterization  study 
described  previously. 
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She! 1 fi sh  -  Shellfish  should  be  collected  at  least  annually  at  appro¬ 
priate  locations  near  the  Romney  and  Mosquito  Creek  estuaries. 
Analytical  results  can  be  compared  with  background  concentrations  as 
well  as  with  concentrations  found  in  the  shellfish  characterization 
study  mentioned  previously. 

Stream  Water  -  Two  locations  for  sampling  surface  water  should  be 
established:  one  on  Bridge  Creek,  which  drains  the  Ford's  Farm  tar¬ 
get  area,  and  one  on  Mosquito  Creek,  which  drains  the  R-3  range.  The 
ideal  method  for  collecting  and  analyzing  water  samples  would  be  to 
use  a  continuous  proportional  sampler  and  to  perform  monthly  sample 
analyses.  An  acceptable  alternative  would  be  to  collect  weekly  grab 
samples  that  would  be  composited  and  analyzed  monthly.  If  the  amount 
of  uranium  leaving  the  area  via  the  stream  water  was  to  be  estimated, 
the  rate  of  stream  flow  would  have  to  be  known  or  estimated.  In 
addition,  any  existing  wells  in  the  B-3  range  and  the  Ford's  Farm 
range  should  be  evaluated  to  assess  whether  the  collection  and 
analysis  of  ground  water  samples  is  warranted. 

Leaf  Fitter  -  At  several  locations  around  the  B-3  range  and  Ford's 
Farm,  leaf  litter  collection  stations  should  be  established  for 
annual  sample  collection  and  analysis.  Analyses  of  these  samples  for 
uranium  can  be  used  to  assess  the  general  level  of  DU  contamination 
and  tne  areal  distribution  for  the  previous  year  of  operation.  For 
comparative  purposes,  annual  results  would  again  need  to  be  compared 
with  regional  background  levels. 

Deer  -  Several  deer  should  be  collected  annually,  either  hunted  with 
special  permission  or  taken  as  available  from  road  or  winter  kill. 

The  kidney  and  the  liver  tissues  should  be  analyzed  for  total  uranium 
content. 
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appendix  a 


aerial-survey  data 


APPENDIX  A 


AERIAL-SURVEY  DATA 


The  aerial  survey  of  the  Ford's  Farm  range  was  conducted  by  EGAG.  The 
EG&G  personnel  involved  in  the  survey  were  contacted  by  PNL  personnel  following 
the  early-spring  survey  trip.(a)  They  indicated  that  the  survey  had  been 
provided  to  Aberdeen  without  charge  and  that  the  results  of  the  survey  were  not 
considered  conclusive  because  the  newly  acquired  equipment  that  had  been  used 
had  not  been  thoroughly  checked  and  calibrated.  Hence,  no  quantitative  guid¬ 
ance  on  contamination  concentration  categories  A,  B,  C,  etc.  (Figure  A.l)  was 
given.  No  soil  sampling  cross  checks  were  done  by  EG&G. 

Because  EGXG  did  not  ground-proof  the  aerial  data,  the  ground  survey  data 
presented  in  this  report  should  be  used  as  a  substitute. 


(a)  Personal  communication  between  D.  A.  Waite  and  L.  Franks,  EG&G,  Santa 
Barbara,  CA. 


A.l 
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APPENDIX  B 


ANALYTICAL  RESULTS  OF  ENVIRONMENTAL  SAMPLING 


APPENDIX  B 


ANALYTICAL  RESULTS  OF  ENVIRONMENTAL  SAMPLING 


This  appendix  presents  a  complete  listing  of  the  environmental-sampl ing 
data  from  the  study.  Uranium  concentrations  in  soil  samples,  with  sample 
locations  and  the  trip  on  which  the  samples  were  collected,  are  presented  in 
Table  B.l.  Stream  sediment,  water,  and  vegetation  results  can  be  found  in 
Tables  B.2,  B.3,  and  B.4,  respectively. 

In  Tables  B.l  through  B.4,  each  sample  designation  consisting  of  a  letter 
followed  by  a  number  (e.g.,  A-l)  represents  the  grid  point  at  which  the  sample 
was  collected.  Using  the  grid  point,  the  approximate  collection  location  can 
be  found  by  referring  to  the  appropriate  map  in  the  main  body  of  the  report.  A 
sample  designation  that  consists  of  two  letters  preceding  a  number  (e.g.,  JA-1) 
is  simply  an  identification  number  and  does  not  indicate  a  location. 


B.l 


TABLE  B.l.  Uranium  Concentrations  in  All  Soil  Samples  Collected 


Location 


Sample/Grid  Number 


Uranium  Concentration,  ug/g 


(a) 


8-3  Range.  Main  Grid  (Area  1) 
Early-spring  trip 


Late-summer  trip 


8-3  Range,  Reference  Area 
(Area  3) 

Late-summer  trip 


Ford's  Farm,  Main  Grid  (Area  1) 
Early-spring  trip 


N-4 

0.46 

N-7 

0.42 

N-9 

0.47 

M-15 

1.8 

M-16 

0.57 

N-16 

2.1 

0-16 

0.39 

M-17 

0.60 

N-17 

14 

0-17 

1.1 

C-13(bi 

1.1 

C-14(b) 

0.49 

N-13 

1.1 

N-17 

2.9 

N-19 

3.7 

N-21,  1 

1.9 

n-21,  2 

1.5 

GS-65 

1.4 

GS-65  (Isotopic) 
238u 
235, 

23A, 

GS-68 

L-12 
N- 12 
0-12 
P-12 
L- 13 
M-13 
N- 13 
P-13 
M-14 


3.2 

<DL*c) 

5.8  x  10~5 

2.5 

1.1 

1.3 
9. A 

26 

2.2 

2.1 

3.6 

2.3 

4.6 


(a)  Concentrations  are  in  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  i35t. 

(b)  Collected  upstream  from  the  main  grid. 

(c)  Less  than  detection  level,  indicating  an  estimated  analytical  error  greater 
than  100%. 


B.2 


TABLE  B.l.  (contd) 


Location 


Sample/Grid  Number 
N- 14 
0-14 
R-14 
T-14 
L-15 
Q- 15 
S-15 
v-i3*b' 

V-13(b' 

M- 16 
N-16 
Q-16 
P-16 
S-16 
L-17 
M-17 
H-\? 

0-17 
P-17 
R- 17 
S- 17 
T-17 
L- 18 
M-18 
N-18 
R-18 
T- 18 
M- 19 
N- 19 
0-19 
P-19 
Q-19 
P-20 
0-20 
R-20 
T-20 


Uranium  Concentration,  ug/g 
10 

5.8 
2.0 
0.92 
2.1 

4.2 
26 

0.83 

1.2 

3.1 

3.5 

6.6 

2.4 
0.45 

2.9 

3.9 

4.7 

6.5 
0.87 

1.1 

5.1 
2.0 
0.74 

2.5 

2.1 

1.4 

5.7 
5.1 

11 

7.3 

12 

2.0 

0.48 

1.9 
0.49 
0.90 


(al  Concentrations  are  in  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  ±35’-. 

(b)  Collected  from  fringe  areas  of  the  main  grid. 


(a) 


B.3 


TABLE  BJ..  (contd) 


Location 


Late-summer  trip 


Ford's  Farm,  1000-Meter 
(Area  2)' 

Early-spring  trip 


(a)  Concentrations  are 
analytical  error  o 


Pad 


Sample/Grid  Number  U.-anium  Concentration,  pg/ < 
0-16  (Profile) 


0  -  7.6  cm 

81 

7.6  -  15.2  cm 

0.10 

15.2  -  22.9  cm 

0.98 

22.9  -  30.5  cm 

0.37 

N- 18  (Profile) 

0  -  7.6  cm 

1.0 

7.6  -  15.2  cm 

0.47 

15.2  -  22.9  cm 

0.51 

22.9  -  30.5  cm 

0.73 

0-16 

21 

0-16  (Isotopic) 

238u 

31 

235(j 

0.11 

2340 

2.8  x  10 

N- 17 

5.1 

P-17 

22 

R- 17 

13 

P-18 

20 

Q- 15  (Profile) 

0  -  2.5  cm 

200 

2.5  -  5.1  cm 

12 

5.1  -  7.6  cm 

8.9 

P-16  (Profile) 

0  -  2.5  cm 

330 

2.5  -  5.1  cm 

17 

5.1  -  7.6  cm 

7.3 

P-21  (Profile) 

0  -  2.5  cm 

4.1 

2.5  -  5.1  cm 

1.6 

5.1  -  7.6  cm 

1.1 

MP-l 

0.41 

MP-2  (Profile) 

0  -  7.6  cm 

0.34 

7.6  -  15.2  cm 

0.34 

15.2  -  22.9  cm 

0.30 

22.9  -  30.5  cm 

0.31 

in  ug  of  uranium  per  g  of  sample,  with  an  estimated 
+35%. 


TABLE  B.l.  (contd) 


_ Location _ 

Ford's  farm,  Grenade  Range 
(Area  5) 

Early-spring  trip 


Ford's  Farm,  Romney  Creek 
(Area  5)' 

Late-summer  trip 


Sample/Grid  Number 


Uranium  Concentration,  pg/g 


(a) 


GR-l 

0.19 

GR-2 

0.20 

GR-3(b' 

0.19 

GR-4 

0.30 

GR-S 

0.18 

GR-6 

0.25 

GR-7 

0.29 

GR-8 

0.51 

GR-9  (Profile) 

0  -  7.6  cm 

0.39 

7.6  -  15.2  cm 

0.61 

15.2  -  22.9  cm 

0.37 

22.9  -  30.5  cm 

0.43 

PI-1 

1.1 

PI-1  (Isotopic) 

238(j 

2.8 

23SU 

<DL(c> 

234u 

2.4  x 

(a)  Concentrations  are  in  ug  of  uranium  per  g  of  sample,  with  an  estimated 

analytical  error  of  135%.  _ 

(b)  Samples  GR-3  through  GR-8  were  all  collected  in  an  area  of  approximately  1  nr. 

(c)  Less  than  detection  level,  indicating  an  estimated  analytical  error  greater 
than  100%. 


B.5 


TABLE  B.2 


Uranium  Concentrations  in  All  Stream  Sediment 
Samples  Collected 


_ Location _ 

8-3  Range,  Main  Grid  (Area  1) 
Early-spring  trip 


B-3  Range,  Beaver  Oam  (Area  2) 
Late-summer  trip 


B-3  Range,  Reference  Area 
DTrea  if  - 

Late-sunmer  trip 


Sample/Grid  Number  Uranium  Concentration,  ug/g^ 


N-2 

0.68 

0-4 

0.42 

M-7 

0.69 

0-6 

0.48 

M-17 

50  (14)lb) 

M-18 

1.9 

M-19 

8.2  (2.8)(b) 

M-20 

0.22 

M-21 

2.5 

M-22 

1.1 

N-23 

0.38 

G-4(c) 

1.4 

H-5(c) 

0.42 

l-6(c) 

0.58 

J-7(c) 

2.4 

K-7(c) 

0.30 

C-21(c) 

0.68 

GS-5 

0.87 

GS-6  (Profile) 

0  -  2.5  cm 

2.3 

2.5  -  5.1  cm 

1.5 

5.1  -  7.6  cm 

0.88 

CH-5  (Profile) 

0  -  7.6  cm 

2.0 

7.6  -  15.2  cm 

CH-7  (Profile) 

0  -  7.6  cm 

2.0 

7.6  -  15.2  cm 

3.1 

(a)  Concentrations  are  in  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  ±35%. 

(b)  Rerun  analysis. 

(c)  Collected  upstream  from  main  grid. 
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TABLE  B.2.  (contd) 


Location 

Sample/Grid  Number 

Uranium  Concentration 

Ford's  Farm,  Main  Grid  (Area  1) 

Early-spring  trip 

Q-16 

67 

0-17 

30 

0-18 

9.2 

Q  - 18 

5.0 

M-19 

8.5 

L-20 

1.7 

M-20 

6.5 

0-20 

1.7 

X-17(b) 

1.0 

W-19,b) 

1.1 

K-20<b) 

3.0 

T-25<b) 

2.1 

S-25(b) 

1.3 

N-26(b) 

1.2 

E-26(bl 

0.76 

Ford's  Farm,  1000-Meter  Pad 
[VriaTJ - 

Early-spring  trip 

MP-3 

0.56 

Ford's  Farm,  Plate  Storage 
Urii-31'  - 

Early-spring  trip 

PS-1 

0.64 

PS-2 

2.1 

Ford's  rarm,  Rridqe  Creek 
(Area  A ) 

Late-sunner  trip 

GS-17 

64  (4.9)(c1 

GS-19 

5.0 

GS-16  (Profile) 

0  -  2.5  cm 

1.5 

2.5  -  5.1  cm 

1.9 

5.1  -  7.6  cm 

1.3 

7.6  -  15.2  cm 

0.93 

Ford's  Farm,  Grenade  Range 
(Area  5) 

Early-spring  trip 

GR-10 

0.83 

GR-11 

2.1 

(a)  Concentrations  are  in  yg  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  ±35%. 

(h)  Collected  from  fringe  areas  of  the  main  grid. 

(c)  Rerun  analysis. 
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TABLE  B.3.  Uranium  Concentrations  in  All  Water  Samples  Collected 


_ Location _ 

B-3  Range.  Main  Grid  (Area  1) 
Early- spring  trip 


Late-summer  trip 


8-3  Ranqe,  Beaver  Dam 
(Area  2? - 

Late-summer  trip 


B-3  Range,  Reference  Area 
(Area  3E~  - 

Late-sumner  trip 


Ford's  Farm,  Main  Grid 
(Area  ll 

Early- spring  trip 


Sample/Grid  Number 


Uranium  Concentration,  pg/L^ 


N-9 

0.10 

0-15 

1.7 

M-16 

3.7 

M-18 

9.6  (18)(b> 

M-20 

1.7 

N-23 

2.4 

H-5(c) 

12 

L-7(c) 

0.81 

E-20lc) 

43  (44)(b) 

A-22(c' 

4.4 

N-14 

0.71 

N-17 

0.80 

M-18 

0.42 

GS-1 

<DL^ 

GS-2 

0.03 

GS-4 

0.06 

GS-7 

0.19 

GS-60 

0.14 

GS-61 

0.20 

CH-9 

0.12 

Q- 16 

35 

0-18 

12 

M-20 

59 

u.9(e,f) 

43  (331(b) 

X-16(e) 

5.4 

K-20(e) 

40 

V-24(e) 

11 

N-26(e) 

16 

(a)  Concentrations  are  in  ug  of  uranium  per  L  of  sample,  with  an  estimated 
analytical  error  of  i35%. 

(b)  Rerun  analysis. 

(c)  Collected  upstream  from  the  main  grid. 

(d)  Less  than  detection  level,  indicating  an  estimated  analytical  error  greater 
than  lOOt. 

(e)  Collected  from  fringe  areas  of  the  main  grid. 

(f)  Collected  from  an  abandoned  farm  well  in  the  area. 
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TABLE  B.3.  (contd) 


Location 

Sample/Grid  Number 

Uranium  Concentration,  yg/l 

Late-summer  trip 

M-17 

16 

Ford’s  Farm,  1000-Meter  Pad 
(Area  2) 

Early-spring  trip 

MP-4 

4.9 

Ford's  Farm,  Plate  Storage 
(Area  3) 

Early-spring  trip 

PS-3 

5.0 

Ford’s  Farm,  Bridqe  Creek 
IArea"4)  - 

Late- summer  trip 

GS-14 

1.6 

GS-15 

3.1 

Ford’s  Farm,  Grenade  Range 
(Area  5) - 

Early-spring  trip 

J-5 

3.8 

Late-summer  trip 

JA-5 

0.13 

Ford's  Farm,  Romney  Creek 
(Area  61 

Late-sunmer  trip 

PI-2 

0.26 

(a)  Concentrations  are  in  ug 

of  uranium  per  L  of 

sample,  with  an  estimated 

analytical  error  of  +35%. 
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TABLE  B.4.  Uranium  Concentrations  in  All  Vegetation  Samples  Collected 


Location 

Sample/Grid  Number  Uranium 

Concentration,  Mg/q*a,b^ 

8-3  Range,  Main  Grid  (Area  1) 

Early-spring  trip 

0-15 

0.38 

Late-summer  trip 

N-ll 

3.0 

N-13 

8.5 

N-14 

1.4 

M-16 

0.68 

N-21 

0.43 

N-21  (Isotopic) 

238y 

1.1 

235u 

<DL*C' 

234u 

5.0  x  10'5 

0-19  (Leaf  litter) 

0.29 

8-3  Ranqe,  Reaver  Dam 
(Area  "fT  - 

Late-suntner  trip 

GS-3  (Algae) 

0.34 

8-3  Range,  Reference  Area 
(Area  3f 

Late-summer  trip 

GS-63 

0.30 

GS-64 

0.27 

GS-65 

0.25 

GS-80ld) 

0.55 

GS-80  (Isotopic) 

238u 

0.95 

2.1 

2.2 

2.2 

1.8 

2.0 

235u 

<DL*C^ 

234y 

2.4  x  10'5 

Ford's  Farm,  Main  Grid 
( Area  1 ) 

Early-spring  trip 

V-13,  1  (Leaf  litter) 

17  (7.7)(e) 

V-13,  2  (Leaf  litter) 

7.5  (8.1 )(e> 

V-13,  3 

4.0  <4.9)(e) 

(a)  Concentrations  are  In  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  +35%. 

(b)  Sample  is  grass  unless  otherwise  noted. 

(c)  Less  than  detection  level,  indicating  an  estimated  analytical  error  greater 
than  100%. 

(d)  Six  aliquots  of  sample  were  analyzed. 

(e)  Rerun  analysis. 
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TABLE  B.4.  (contd) 


Location _  Sample/Orld  Number  Uranium  Concentration,  ug/g 


Late-summer  trip  0-10  2.6 

0-11  16 

0-13  13 

0-15  27 

S-15  14 

M-16  13 

M-16  75 

0-16  78 

P-16(c)  390 


1200 

720 

740 

590 

670 

P-16  (Isotopic) 


238u 

43 

235u 

0.11 

234y 

3.2  x 

10' 

Q-16 

16 

R-16 

29 

S-16 

2.9 

T-16 

7.3 

N-17 

25 

P-17 

22 

R-17 

26 

0-18 

18 

P-18 

10 

P-19 

4.6 

P-21 

1.5 

K-16  (Leaf  litter) 

82 

K-16  (Isotopic) 

23®u 

2.7 

235u 

<DL(d) 

234u 

1.7  x 

10 

(a)  Concentrations  are  in  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  +35%. 

(b)  Sample  Is  grass  unless  otherwise  noted. 

(c)  Six  aliquots  of  sample  were  analyzed. 

(d)  Less  than  detection  level,  Indicating  an  estimated  analytical  error  greater 
than  100%. 
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TABLE  B.4.  (contd) 


Location 

Sample/Grid  Number 

Uranium  Concentration,  yg/g^a’^ 

T-16  (Leaf  litter) 

170 

T-16  (Isotopic) 

238u 

6.9 

ESSu 

1.8  x  10"2 

234y 

4.7  x  10-5 

L-16  (Leaf  litter) 

240 

R-17  (Leaf  litter) 

10 

Q-18  (Leaf  litter) 

150 

Ford's  Farm,  1000-Meter  Pad 
(Area  2) 

Early-spring  trip 

MP-5 

4.8  (8.3)(c> 

MP-6 

4.3  (4.3),c) 

Ford's  Farm,  Bridge  Creek 
(Area  4) 

Late-sunnier  trip 

GS-U 

8.0 

GS-11  (Isotopic) 

238y 

1.7 

235y 

<DL*d* 

234y 

2.5  x  10'5 

GS-10  (Leaf  litter) 

7.0 

GS-12  (Leaf  litter) 

13 

Ford's  Farm,  Grenade  Cange 
(Area  5) 

Early-spring  trip 

GR-12  (Leaf  litter) 

5.8 

GR-13 

2.5  (1.7)(c) 

Late- summer  trip 

GS-30 

5.7 

GS-30  (Isotopic) 

238y 

8.7 

235g 

1.7  x  10'2 

234y 

5.5  x  10'5 

GS-31 

7.1 

GS-32 

0.63 

GS-33 

2.4  (S.3),c) 

GS-35 

0.19 

(a)  Concentrations  are  In  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  ±35% . 

(b)  Sample  Is  grass  unless  otherwise  noted. 

(c)  Rerun  analysis. 

(d)  Less  than  detection  level,  Indicating  an  estimated  analytical  error  greater  than 

100%. 
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TABLE  B.4.  (contd) 


Location 


Ford's  Farm.  Romney  Creek 
(If  ea~CT~ 

Late- summer  trip 


Sample/Grid  Number  £ 
J A— 1  (Leaf  litter) 

JA-1  (Isotopic) 

238y 

235u 

234u 

JA-2  (Leaf  litter) 

JA-3  (Leaf  litter) 

JA-4  (Leaf  litter) 

PI-3  (Leaf  litter) 

PI-3  (Isotopic) 

238u 

235y 

234y 


ium  Concentration.  ug/9^a’^' 
2.9 

4.8 

1.4  x  10'2 

3.5  x  1(T5 

2.6 

3.8 
11 


0.93 

1.8 

<DL*C^ 

1.5  x  10*5 


(a)  Concentrations  are  in  ug  of  uranium  per  g  of  sample,  with  an  estimated 
analytical  error  of  +3S%. 

(b)  Sample  is  grass  unless  otherwise  noted. 

(c)  Less  than  detection  level,  indicating  an  ^jtimated  analytical  error  greater 
than  lOO't. 


APPENDIX  C 


SPECIAL-STUDIES  DATA 


The  data  from  two  special  studies  are  presented  in  this  section:  1)  a 
dissolution  rate  study  and  2)  a  study  of  the  concentrations  of  dissolved  and 
suspended  uranium  concentrations  in  water  samples. 

DISSOLUTION  RATF  STUDY 

The  purpose  of  this  study  was  to  determine  what  percent  of  depleted 
uranium  dust  would  go  into  solution  when  exposed  over  a  14-day  period  to  sea 
water  and  river  water  with  controlled  water  temperature  and  a  known  pH. 

Method 

A  weighed  amount  of  DO  dust  was  placed  in  each  of  four  vials,  then  50  ml 
of  sea  water  were  added  to  one  pair  of  vials  and  50  ml  of  river  water  to  the 
other  pair.  The  sea  water  came  from  Sequim,  Washington,  on  the  Pacific  Coast, 
and  had  been  filtered  through  a  0.45-um  filter.  The  river  water  came  from  the 
Columbia  River  and  had  heen  filtered  through  a  lOO-pm  filter.  A  water  bath 
shaker  was  used  for  shaking  the  contents  of  the  vials  and  controlling  the  water 
temperature  at  10°C.  One-ml  samples  of  the  uranium  and  water  were  drawn  from 
each  vial  on  days  1,  2,  4,  8,  and  14.  Each  sample  was  filtered  through  a 
0.1 -pm  filter,  and  fluorometric  and  colorimetric  analyses  were  done.  The  error 
assigned  to  each  sample  was  30%  for  the  fluorometric  analysis  and  10%  for  the 
colorimetric  analysis.  The  pH  of  the  solution  in  each  vial  was  measured  on  the 
first  and  last  day. 

Results 

The  results  of  the  dissolution  of  the  D1J  dust  in  10°C  Pacific  sea  water 
and  Columbia  River  water  are  listed  in  Table  C.l  and  graphed  in  Figures  C.l  and 

C.2. 


C.l 


TIME  IN  SOLUTION  (days) 

F1UURF.  C.l.  dissolution  of  Uranium  Dust  in  Sea  Water  at  10°C 


TIME  IN  SOLUTION  (days) 

FIUURF  i:.P.  Dissolution  of  Uranium  Dust  in  River  Water  at  10°C 

Sea  Water  at  1U°C.  During  the  14  days  of  the  experiment,  the  pH  of  the 
sea  water  dropped  more  than  U.Q  units.  The  percent  of  each  sample  that  has 
gone  into  solution  during  this  time  is  shown  in  Figure  C.l,  as  a  function  of 
time.  The  percent  was  calculated  assuming  that  the  total  mass  of  sample  dust 
placed  into  the  vial  consists  of  DU  metal  only.  Correcting  for  the  presence  of 
oxides  and  dust  particles  from  other  sources  must  wait  until  the  test  sample  is 
analyzed  for  total  uranium  content. 


The  dissolution  measurements  made  on  day  1  for  samples  #1  and  #2  and  on 
day  14  for  sample  #2  were  not  included  in  the  linear  regression  of  the  data. 
The  sea  water  measurements  were  restricted  to  the  pH  range  7.5  to  7.0.  The  DU 
appears  to  he  relatively  insoluble  in  sea  water,  having  a  half-time  for  disso¬ 
lution  of  4.8  years. 

River  Water  at  10°C.  During  the  14  days  of  the  experiment,  the  pH  of  the 
river  water  dropped  approximately  0.6  units  in  both  of  the  sample  vials.  This 
appears  not  to  have  appreciably  affected  the  dissolution  of  the  uranium  in  the 
water;  the  dissolution  rate  steadily  increases,  as  can  be  seen  in  Figure  C.2. 
The  DU  appeared  to  be  relatively  insoluble,  having  a  half-time  of  dissolution 
of  6.8  years.  The  actual  dissolution  may  be  faster  because  wall  losses  were 
not  included  in  this  calculation.  Wall  losses  were  estimated  using  a  standard 
solution  of  uranyl  nitrate  (18  ug/ml )  in  which  the  amount  of  dissolved  uranium 
decreased  to  6(K  of  the  original  concentration  by  the  fourteenth  day  (see 
Figure  C . 3 ) . 

Comments 

In  future  work,  the  pH  must  be  kept  constant  to  eliminate  any  effects  of 
pH  on  the  rate  of  uranium  dissolution.  This  should  be  done  through  the  use  of 
puffers  an.'  through  repeated  measurement  of  the  pH  of  each  solvent  sample. 


FIGURF  C.3.  Changes  in  Uranium  Concentration  in  a  Standard  Uranyl 
Nitrate  Solution  Due  to  Wall  Losses 


C.4 


The  fraction  of  material  dissolved  should  be  normalized  to  the  surface 
area  of  the  sample,  giving  units  of  percent  in  solution  per  cm^  of  sample. 
This  correction  can  be  obtained  by  dividing  the  concentrations  given  in 

O 

Table  C.l  by  the  specific  surface  of  the  sample,  Sp  (cm  /gm),  and  by  multiply 
ing  each  point  in  Figures  C.l  and  C.2  by  Mo/Sp,  where  Mo  is  the  initial  sampl 
weight. 

ANALYSES  OF  DISSOLVED  VERSUS  SUSPENDED  URANIUM 

Table  C.2  is  a  list  of  the  data  from  the  two  water  samples  analyzed  for 
dissolved  uranium  (<0.45-um  particles)  and  suspended  uranium  (>0.45-pm 
particles) . 


Table  C.2.  Dissolved  and  Suspended  Uranium  Concentrations 
in  Water  Samples  from  the  Ford's  Farm  Range 


Sample 

Urani urn 
Dissolved 
in  Water, 
ug/L 

Uranium  in 
Suspended 
Sediments, 
pq/L 

Total 

Uranium, 

pq/L 

Urani urn 
Solution  (%) 

M-l 7W  (main  grid) 

19 

3.8 

23 

83 

(1S-1SW  (Rri|Jqe 

Creek  area) 

4.2 

3.9 

8.1 

52 
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